Abstract. The fatty acid profile and the related indices of the nutritional quality of breast and thigh muscles were studied in two lines of chickens -La Belle (LB) and White Plymouth Rock (WPR) -slaughtered at the age of 9 and 18 weeks. The fatty acid profile was more affected by the age than the line of the birds; however, the influence of both differed between the breast and thigh. The content of total saturated fatty acids (SFAs) increased in the thigh (P < 0.01), while that of the monounsaturated fatty acids (MUFAs) decreased with age in both muscles (P < 0.001). This corresponded to the significant decrease in C18:1 in the older chickens and the lower desaturase activity (P < 0.001). The contents of C20:4n-6, C22:5n-3 and C22:6n-3 and the total amount of polyunsaturated fatty acids (PUFAs) in breast were higher (P < 0.001) at the age of 18 weeks. A similar pattern in the individual and total PUFA was observed in the thighs. The effect of line was more visible in the breast, leading to a lower C14:0 content and C20:5n-3 and a higher C18:0 content in the WPR chickens (P < 0.001), corresponding to the higher elongase and thioesterase indices in these birds. Both atherogenic (AI) and thrombogenic (TI) indices were lowered, while the ratio of hypocholesterolemic / hypercholesterolemic fatty acids (h / H) and polyunsaturated / saturated fatty acids (P / S) increased in the breast of the birds at 18 weeks. In breast and thigh meat, the ratio of n-6 / n-3 PUFA decreased in the older chickens (P < 0.001).
Introduction
The interest in slow-growing chickens has been increasing recently due to consumers' demands for healthier food (Fanatico et al., 2007) . Although these birds generally have less efficient growth performance, they are well adapted to alternative rearing systems (Fanatico et al., 2005 (Fanatico et al., , 2006 and show superior meat quality with higher protein and lower fat content in comparison to the fast growing broilers (Poltowicz and Doktor, 2012) . As stated by Dal Bosco et al. (2011) , some slow-growing poultry products have a long history in Europe as for example the French Label Rouge program, which requires outdoor access and a growing period of at least 81 days for the birds. It occupies a significant part of the French poultry market despite selling products for a higher price compared to the conventional poultry products (Westgren, 1999; Fanatico and Born, 2001 ). However, in Bulgaria commercial rearing of slow-growing chickens is limited and the research on the meat quality of such breed lines is still scarce. As lines of the national gene pool, until recently La Belle and White Plymouth Rock were not of interest for broiler production. With the increasing importance of slowgrowing chicken production, possibilities appear for these lines to be used to create crosses with slower growth, no deposition of abdominal fat and a high quality of meat (Petkov et al., 2013; . This, however, makes it necessary to study the influence of different factors, such as genetic line and age on various aspects of meat quality in order to further improve it. Fatty acid composition is a very important component of meat quality and has received considerable interest in view of its implications for human health (De Smet et al., 2004) . It is well known that the higher intake of saturated fatty acid (SFA) in the human diet increases the risk of the development of coronary heart disease, atherosclerosis and can-cer (Mensink and Katan, 1992) , whereas monounsaturated fatty acid (MUFA) and polyunsaturated fatty acid (PUFA), especially n-3, have a number of associated health benefits (Kris-Etherton, 1999; Siriwardhana et al., 2012) . Foods rich in long-chain n-3 PUFA have been shown to improve cardiovascular health (Albert et al., 2002; Raitt et al., 2005; Harris, 2007; Lu et al., 2011) , and reduce inflammation (Ferrucci et al., 2006; Calder, 2008; Fetterman and Zdanowicz, 2009; Wortman et al., 2009; Figueras et al., 2011) and behavioral disorders, such as depression (Rondanelli et al., 2011) .
The lipid composition of meat is mostly affected by the nutrition of the birds, but other factors such as age and breed line also contribute to the changes in the fatty acid profile. However, in the available literature, the data on dependencies of the fatty acid composition on these two factors remain relatively scarce. Komprda et al. (2000) found a significant effect of age on the content of the total SFA, MUFA and PUFA in two chicken genotypes with different growth potential. Díaz et al. (2012) reported differences in the fatty acid composition between capons of indigenous and commercial strains at different ages, finding that the age effect was more important than that of the breed. In other research, Dal Bosco et al. (2012) also reported a different fatty acid deposition in various genotypes of chickens reared under an organic system; however, this was associated with differences in behavior and grass consumption.
This study is the first of its kind in Bulgaria, aiming to assess the potential of lines, representative of the national gene reserve, to produce slow-growing chickens with a high quality of meat in regard to its lipid profile, as affected by the line and age of the birds. The precise evaluation of the influence of these factors on the fatty acids and related indices of the nutritional quality of meat requires first experiments under controlled conditions in a conventional system which will serve as a basis for further investigation of alternative systems.
Material and methods

Experimental animals, slaughtering and sampling
The experiment was carried out in the experimental poultry farm of the Institute of Animal Science-Kostinbrod, Bulgaria, with a total of 158 male La Belle (LB) and 239 White Plymouth Rock (WPR) chickens, which were obtained from the parent stocks kept in the Institute. The 1-day-old chickens were placed in a deep litter facility with a stocking density of 14 birds m −2 in separate pens in the same poultry house. All the birds were fed a starter, grower and finisher diet (Table 1) ad libitum, which was evaluated according to AOAC (2004) . Water was provided ad libitum with a nipple waterer. The lighting regime was 15 h of light and 9 h of darkness, and the temperature ranged between 20 and 24 • C. During rearing, the individual body weight of the chickens and their feed intake was recorded every week and the number of dead birds every day. At the age of 9 and 18 weeks, 6 chickens of each line were selected for slaughter based on the average live weight (1.258±0.05 kg for La Belle and 1.045±0.07 kg for the White Plymouth Rock line at 9 weeks; 2.778 ± 0.11 and 2.185 ± 0.10 kg for the 18-week-old La Belle and White Plymouth Rock, respectively). After stunning, decapitation and bleeding, the carcasses were plucked, eviscerated and stored at 4 • C for 24 h. Neck, legs and edible viscera (heart, liver, gizzard) were removed in order to obtain the ready-tocook carcass. Furthermore, the breast and thigh muscles of each chicken were separated and minced with a meat grinder, and samples for the determination of the fatty acid profile of the muscles (10 g) were taken, vacuum-packed and stored at −20 • C until analysis.
Fatty acid analysis
Total lipids from the feed and the breast and thigh muscles were extracted according to the method of Bligh and Dyer (1959) . Methyl esters of the total lipids, isolated by preparative thin layer chromatography, were obtained using 0.01 % solution of sulfuric acid in dry methanol for 14 h, as described by Christie (1973) . The fatty acid composition of total lipids was determined by gas-liquid chromatography (GLC) analysis using a chromatograph C Si 200 equipped with a capillary column (DM-2330: 30 m × 0.25 mm × 0.20 µm) and hydrogen as a carrier gas. The oven temperature was first set to 160 • C for 0.2 min, then raised until 220 • C at a rate of 5 • min −1 and then held for 5 min. The temperatures of the detector and injector were 230 • C. Methyl esters were identified through a comparison to the retention times of the standards. Fatty acids are presented as percentages of the total amount of the methyl esters (FAME) identified (Christie, 1973) . The 9-desaturase index, as an indirect index of stearoyl-CoA desaturase (SCD) activity, was calculated as C18:1 / C18:0 (SCD18) or C16:1 / C16:0 (SCD16) (Lee et al., 1996) . The elongase index was calculated as the ratio of C18:0 to C16:0, whereas the thioesterase index was calculated as the ratio of C16:0 to myristic acid C14:0 (Zhang et al., 2007) . The amount of each fatty acid was used to calculate the indices of atherogenicity and thrombogenicity, as proposed by Ulbricht and Southgate (1991) :
The h / H ratio was calculated, as suggested by Santos-Silva et al. (2002): h / H =(C18:1 + C18:2n-6 + C20:4n-6 + C18:3n-3 + C20:5n-3 + C22:5n-3 + C22:6n-3)/ (C14:0 + C16:0).
Statistical analysis
Data were statistically evaluated by two-way ANOVA as the line of the birds, age and their interaction were included in the model. The JMP v.7 software package was used to perform the statistical analysis (JMP Version 7, SAS Institute Inc. Cary, NC).
Results and discussion
The fatty acid composition of the starter, grower and finisher diets is presented in Table 2 . Mono-and polyunsaturated fatty acids represented the major classes of the fatty acids in the three diets. Oleic acid (C18:1) was the main monounsaturated fatty acid, forming 28.28 % in the starter diet, while its content in the grower and finisher diets increased substantially to 49.34 and 57 %, respectively. The most abundant of the PUFAs was linoleic acid (C18:2n-6), which had the greatest proportion in the starter feed: 52.76 %. In grower and finisher diets, its contents were 19.59 and 17.83 %. Palmitic acid (C16:0) has the largest proportion of the SFAs: 12.30, 20.97 and 17.83 %, respectively, for the starter, grower and finisher diets.
The fatty acid composition of the breast and thigh are presented in Table 3 . The major saturated fatty acids in both muscles are palmitic (C16:0) and stearic (C18:0). The content of C16:0 in the breast was significantly affected by age, leading to its decrease in the older chickens (P < 0.01) whereas the proportion of C18:0 in both breast and thigh increased with advancing age (P < 0.001). While no effect of the line was observed in regard to C16:0 in the muscles, the content of C18:0 in the breast significantly differed between LB and WPR chickens, showing higher content in the latter (P < 0.001). The third identified SFA in this study was myristic acid (C14:0). Its content was affected by both line (P < 0.001) and age (P < 0.01) in the breast of the chickens. Higher content of C14:0 was observed in LB than WPR chickens, while in both lines, its proportion decreased with age. Bellizzi et al. (1994) found a very strong relation of C14:0 with coronary heart disease, and according to Fernandez and West (2005) this fatty acid is considered hypercholesterolemic. This is due to repression of the hepatic lowdensity lipoprotein (LDL) receptor synthesis as well as direct stimulation of hepatic LDL synthesis. When present in the human diet, C16:0 has also been associated with an increase in plasmatic cholesterol concentration; however, this association is stronger for C14:0 which has the potential to increase the cholesterol to 5 to 6 times greater than C16:0 (Yu et al., 1995) . On the other hand, C18:0 has a neutral effect on the concentration of total serum cholesterol, including no apparent impact on either LDL or high-density lipoprotein (HDL; Kris-Etherton et al., 2005; Mensink, 2005) . The total content of SFA in breast remained unaffected by the line and the age of the birds; however, in thigh it was increased significantly in the older birds (P < 0.01), reflecting the changes in C18:0.
Slaughtering age had a significant effect on the major monounsaturated fatty acid C18:1 in the breast (P < 0.01) and thigh (P < 0.001) of the chickens, showing a decrease in its content in the older birds. Similarly, differences between the ages of the birds were observed in regard to the content of C16:1; however, significant interaction of this factor with the line was found in both breast and thigh. As a whole, LB chickens displayed a considerable decrease in C16:1 with age, while in WPR, its percentage remained approximately the same in both muscles. The differences in the proportion of C16:1 in the muscles between the two lines were more substantial at the age of 9 weeks, with LB displaying higher contents of this fatty acid compared to WPR. The total content of MUFA in the breast decreased with age (P < 0.001), while in the thighs, besides their lower content in the older chickens, the age and breed line interacted significantly (P < 0.05). The lower concentration of MUFA in the chickens at 18 weeks of age, mainly at the expense of the decreased proportion of C18:1 could be explained with the lower total lipids in these birds, which we reported in another paper (Popova et al., 2016) . Raes et al. (2001) stated that the proportions of C18:1 diminished with a decrease in the total intramuscular lipid content in beef. However, a similar relationship between the contents of C18:1 and the lipid content is not always observed in poultry (Michalczuk et al., 2016) .
It is difficult to discriminate between the influence of the age and line of the birds on the contents of C18:2n-6. In both breast and thigh significant interaction between the factors was observed. In the breast, however, a decrease was displayed in LB and WPR chickens at a later age. No significant difference due to age or line was observed in the percentage of C18:3n-3. In their study on three genetic lines of chickens, Dal Bosco et al. (2014a) did not observe changes in the content of C18:2 in breast with age, while the proportion of C18:3n-3 increased only in one line.
Of all the PUFA, the genetic line affected only the proportion of C20:5n-3, which in the breast was significantly higher in LB (P < 0.001) than WPR. Difference between the lines in regard to the content of this fatty acid existed in thighs as well (P < 0.01); however, a strong interaction with age was detected (P < 0.01). The contents of C20:4n-6, C22:5n-3 and C22:6n-3 were affected by age in the breast and thigh of the chickens from both lines (P < 0.001), showing a considerable increase in the older birds. In a previous study with male layer-type chickens (Popova et al., 2015) , we found a substantial increase in C20:4n-6, C22:5n-3 and C22:6n-3 in the breast of the birds slaughtered at 12 weeks of age compared to 5 weeks, which coincides with the results presented here. In line with our results, Dal Bosco et al. (2014a) found a substantial increase in the n-3 PUFA in the birds at 81 days, compared to 70 days of age. Muscles contain significant amounts of long-chain PUFAs, which are mainly formed in the liver from C18:2n-6 and C18:3n-3 by the action of 5-and 6-desaturase and elongase enzymes (Schmitz and Ecker, 2008; Wood et al., 2008) . The significantly higher content of the long-chain PUFA in the birds slaughtered at 18 weeks when compared to the 9-weeks-olds, suggests increased activity of the abovementioned enzymes with advancing age. On the other hand, the higher proportions of the individual PUFA and particularly C20:4n-6 in the breast and thigh in the older chickens corresponds to the lower content of C18:1. Høst-mark and Haug (2013) found a strong inverse relationship between the percentage of C18:1 and C20:4n-6 in chicken breast. According to these authors, C18:1 acts as an inhibitor for the 5-and 6-desaturase and/or 5-elongase systems, while at the same time C20:4n-6 might inhibit the SCD. The strong influence of age on the proportion of the individual fatty acids in the breast was reflected also in the proportion of the total PUFA, which was increased (P < 0.001) in the chickens at the age of 18 weeks compared to the 9-week-old birds. An increase in the total content of PUFA was also displayed in thigh (P < 0.001), more substantial in the slower-growing LB chickens, compared to WPR. Similarly to us, Dal Bosco et al. (2014a) reported higher contents of total PUFA and the long-chain derivatives in older birds. On the other hand, Michalczuk et al. (2016) observed changes in the PUFA with age, depending on the genotype, as in the fast-and medium-growing chickens, the total PUFA increased from 5 to 7 weeks, while in a slow-growing line no changes were presented.
In line with the abovementioned results some estimated indices of the lipid metabolism (Table 4) confirm that the fatty acid composition could depend on the age, line and also their interaction; however, the effect differs in the breast and thigh of the chickens. Elongase activity, described as the ratio C18:0 / C16:0, showed significantly higher values in the breast of WPR chickens (P < 0.001) and also increased with age in both lines (P < 0.001). In the thigh, the differences were attributed mainly to the age of the birds, showing an increase in the older ones. It was more pronounced in LB, while the changes in WPR were minor, which was illustrated by the significant interaction between the factors. The changes in the elongase activity in the aged birds corresponded to those of the content of C16:0 and C18:0 described above and also could be explained with the decrease in the intramuscular total lipid content. In fact, Kazala et al. (1999) observed a negative relationship between the intramuscular fat content and the elongase activity in beef. Our results are in line with Poureslami et al. (2010) , who reported a significant increase in elongase with age in broilers. In a study on the fatty acid profile and lipid metabolism, Dal Bosco et al. (2012) reported a significant effect of the genotype of the birds on the elongase activity. The authors observed higher elongase activity in slower-growing genotypes compared to medium-and fast-growing types, which contradicts to our results, regarding the genotype of the birds.
Thioesterase in the fatty acid synthase complex is responsible for terminating the cycles of fatty acid synthesis and releasing the newly synthesized fatty acid. The enzyme has both C14-acyl acyl carrier protein (ACP) and C16-acyl ACP as substrates, as C16:0 is the major product. The ratio of C16:0 to C14:0 was utilized to reflect the selective cleavage of thioesterase on C14-acyl ACP or C16-acyl ACP because the greater the thioesterase index, the less cleavage there is of C14-acyl ACP. In the present study thioesterase in the breast was significantly affected by the line of the birds (P < 0.01), as WPR displayed higher activity. This corresponds to the lower content of C14:0 in these birds. In line with our results, thioesterase activity has been reported to depend on the genotype in birds (Dal Bosco et al., 2012) , pigs (Martino et al., 2014) and also in rabbits (Dal Bosco et al., 2014b) . Stearoyl-CoA desaturase catalyzes the introduction of the first cis-double bond in the -9 position (between carbon 9 and 10) of saturated fatty acids, and the preferred substrates are palmitoyl-and stearoyl-CoA (Ntambi, 1999). Significant interaction of the age and line was observed in regard to the SCD16 in breast (P < 0.01) and thigh (P < 0.05). This was associated mainly with the differences in the content of C16:1 between the lines at 9 weeks and the considerable age effect in the LB chickens. The SCD18 index was affected by the age of the birds in both breast and thigh (P < 0.001) and decreased in the 18-week-old chickens. This corresponds to the substantial increase in the content of n-6 PUFA with age since according to Choi et al. (2001) , SCD expression can be markedly suppressed by C18:2n-6, C18:3n-3 and C20:4n-6.
The ratios of P / S, n-6 / n-3 PUFA, h / H, and atherogenic and thrombogenic indices are widely used to evaluate the nutritional value of fat. The ratio between PUFA and SFA in the breast was significantly affected by the age of the chickens (P < 0.001) and was higher in the older birds (Table 5) . It corresponds to the pattern of changes in the PUFA content and increased from 0.77 to 0.98 in in WPR. In the thigh muscle, however, both line and age interacted significantly (P < 0.05) in regard to this trait. In breast and thighs, the ratio between n-6 and n-3 PUFA exhibited lower values in the older chickens (P < 0.001). In both lines, at both ages of slaughter, the P / S ratio was higher than the minimum recommended value of 0.4 (Enser et al., 2001) . On the other hand, the values of n-6 / n-3 were relatively high -above the recommended values of 4. It could be suggested that such high values of this ratio are associated with the conventional rearing of the birds and the high content of n-6 PUFA, mainly C18:2n-6, in the feed compared to grass, where C18:3n-3 is predominant. However, Dal Bosco et al. (2012) reported values of n-6 / n-3 ranging from 6.23 to 17.9 in different chicken genotypes reared under an organic system. On the other hand, in the older birds, n-6 / n-3 ratio decreased by, on average, 36.6 % in the breast and thigh, which suggests the positive influence of the later age at slaughter on this trait and especially on the increase in the n-3 PUFA, which is desirable in foods of animal origin.
In an attempt to take into account the different effects of the various fatty acids, Ulbricht and Southgate (1991) proposed two indices which might better characterize the atherogenic and thrombogenic potential of the diet than the simple approaches such as the P / S ratio. The atherogenic index (AI) and thrombogenic index (TI) take into account the different effects that single fatty acid might have on human health and in particular on the probability of increasing the incidence of pathogenic phenomena, such as atheroma and/or thrombus formation. The recommended values of the AI are below 0.5 (Ulbricht and Southgate,1991) and it was favorably decreased in the breast of the older birds (P < 0.01). The thrombogenic index was also significantly decreased (P < 0.001), while the h / H ratio increased (P < 0.01) in the breast at 18 weeks of age. No such changes in the indices were observed in the thighs of the birds.
Conclusions
The results of the study showed that in a conventional system under controlled conditions, the age at slaughter has greater importance than the line when assessing the potential of the birds to produce high-quality meat in regard to its fatty acid profile. While the effect of the line was limited to differences in some individual fatty acids and related indices of lipid metabolism mainly in breast, age induced significant changes in the fatty acid composition in both muscles. Despite the decrease in C18:1 and MUFA, the proportion of C20:4n-6, C22:5n-3 and C22:6n-3 and the total PUFA increased in breast and thigh in the older birds. The positive effect of the later age on the fatty acid composition was associated with a decrease in the atherogenic and thrombogenic index, while h / H and P / S ratios increased significantly in breast. Additionally, in both muscles, the n-6 / n-3 ratio decreased substantially in the older chickens. These results open new perspectives for further research on the breeding practices of La Belle and White Plymouth Rock lines in order to produce slow-growing chickens with a beneficial fatty acid composition of meat for the consumers. 
